The puffer Takifugu rubripes ("torafugu" in Japanese) is the most favorable species in Japan. Although the wild puffer contain considerable amounts of tetrodotoxin (TTX) in the liver and ovary,1) the cultured one is non-toxic or less toxic.2,3) Due to increase in the consumption demand of T. rubripes in Japan, the amount of cultured torafugu is increasing in Japan and in foreign countries such as mainland China and Korea.
Recently, T. rubripes has been cultured in Taipei and Ilan County, northern Taiwan; their fry and fertilized eggs were provided from Japan. The aquacultural farms in Taipei County are located in the areas under the agree ment with the Japanese government for exportation of the products. The aquacultural farms in Ilan County are locat ed about 30km south of the limited areas. The puffers are cultured in ponds located on the land close to the sea. The farms in Taipei County are built along the coast line and the water is directly pumped from an adjacent sea without any treatment. But the aquacultural water used in the farms in Ilan County located inland is filtered through sea sands, stored in the reservoir, and then pumped into each farm. The quality of water in Ilan County is controlled by Taiwanese government. Artificial diets such as shrimp and eel diets are commonly used.
Although the toxicity of cultured T. rubripes is reported to be non-toxic or less toxic in Japan,2,3) the corresponding data are still unknown in Taiwan. Under this circum stances, the present study was undertaken.
The specimens of the puffer cultured in both counties were obtained monthly and assayed for toxicity of the various tissues. During the period between winter and spring, the livers and ovaries in some specimens obtained from Taipei Coun ty were found to contain toxin. The toxin was partially purified and analyzed for composition. Meanwhile, the possible source of toxin was also investigated in this study.
Materials and Methods

Materials
At least six specimens of the puffer Takifugu rubripes were monthly collected from two farms in Ilan County and one farm in Taipei County, northern Taiwan ( Fig. 1 ) from November 1996 to October 1997. The live specimens were immediately dissected into six parts: muscle, skin, liver, intestine, fin, and gonad. About 10g of each homogenized part was weighed when possible, and extract ed with 0.1 % acetic acid solution according to the process described by Yasumoto.4) On the other hand, ten specimens of the flatworm Stylochus orientalis were collected from the aquacultural farm in Taipei County in February 1997 and extracted by using the same procedure.
The extract was evaporated to a small volume for mouse assay.
Assay for Toxicity
The extracts thus provided were determined for TTX toxicity by using ICR (Institute of Cancer Research, USA) strain male mice.5) The toxicity is expressed in mouse units per gram (MU/g). This strain is more sensitive to TTX than ddY strain.4,5)
Purification of Toxin
After bioassay, the toxic residues prepared from puffers and flatworms were separately combined, homogenized with three volumes of 1 % acetic acid in methanol, and cen trifuged at 3,000 rpm for 15min. This procedure was repeated twice. The supernatants were combined and defat ted with dichloromethane. The aqueous layer was concen trated under reduced pressure to remove dichloromethane and filtered through a Diaflo YM-1 membrane (Amicon),
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To whom correspondence should be addressed. Gas Chromatography-Mass Spectrometry (CC-MS A small amount of each toxin preparation was dissolved in 2ml of 2N NaOH and heated in a boiling water bath for 45min. After cooling, the resulting mixture was adjusted to pH 4 with 1N HCl and extracted three times with 5ml of 1-butanol. The extracts were combined and evaporated to dryness, and the degradation products were trimethyl silylated by the method reported previously. 8 The toxicity of the flatworm S. orientalis collected from the Taipei's farm in February 1997 is shown in Table 2 . Although four out of ten specimens did not show lethality in mice, four specimens showed low toxicity (1-3 MU/ specimen). The highest score of the specimens was 2.3 MU/specimen.
Toxin Composition
The HPLC profiles of the puffer and flatworm toxins are shown in Fig. 2 . The torafugu toxin revealed two peaks which had the same retention times (10.9 and 13.3min) as those of TTX and anh-TTX, respectively. The flatworm toxin also showed two peaks, which were indistinguishable from those of 4-epiTTX and anh-TTX. In GC-MS, two trimethylsilyl (TMS) derivatives obtained from the flat worm toxin and authentic TTX displayed an apparent peak at m/z 407 (TMS derivative of C9 base), a base peak at m/z 392 (M-CH3)+, and a fragment peak at m/z 376 (M-2CH3)+ at the same retention time.8) According to these data, it was concluded that the toxin of the puffer T. rubripes was composed of TTX and anh-TTX, while the toxin of the flatworm S. orientalis contained 4-epiTTX and anh-TTX.
Discussion
In this study, it was found that the toxicity of cultured puffer T. rubripes showed regional, seasonal and individ ual variations.
The specimens of cultured torafugu in Ilan County were non-toxic through the year, but those in Taipei County were toxic in the period between January and March. The toxin was found only in the liver and ova ry. All of other portions such as muscle, skin, fin and tes tis, which are commonly edible, are non-toxic. Only [9] [10] [11] [12] In this study, we found that the flatworm S. orientalis contained a very low or trace toxicity, and that its toxin was mainly composed of 4-epiTTX and anh-TTX, which are less toxic than TTX. 13) Although the TTX-producing bacteria and TTX-bear ing gastropod Zeuxis siquijorensis have been found in the intestine of puffer T . pardalis,14,15) the direct evidence of TTX sources in puffers are not clear until now. In this con nection, TTX-producing bacteria have recently been isolat ed from various TTX-containing animals such as crab, 
